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Thin arches and shells are widely used in engineering practice and these flexurally 
flexible structural members often undergo geometrically nonlinear large deformation 
under various loading conditions. Thus it is important to study the geometric 
nonlinearity problems for these typical structures. Due to the higher order nature of the 
governing equations for thin arches and shells that ignore the shear deformation, at least 
C1-continuous approximation methods are required for the numerical solutions. 
However, the construction of C1 approximations is not trivial in the finite element 
methods, which is still a research topic currently. On the other hand, arbitrary 
continuous and conforming approximations can be easily realized in the meshfree 
methods, as is very desirable for the thin arch and shell analysis. Among the meshfree 
methods, the Hermite reproducing kernel meshfree method takes into accounts both 
rotation and deflectional degrees of freedom during the construction of the deflectional 
meshfree approximation. This method ensures arbitrary order smoothing meshfree 
approximation with a smaller necessary minimal support size compared with the 
reproducing kernel approximation. Meanwhile, the method is equipped with the sub-
domain stabilized conforming nodal integration which offers computational efficiency 
as well as solution accuracy. The generalization of this method to geometrically 
nonlinear analysis of thin arches and shells is presented herein. 
In this thesis, we aim to develop Hermite reproducing kernel meshfree 
formulations for the geometrically nonlinear analysis of thin arches and shells. The 
nonlinear strain measures and governing equations of thin arches and shells are 
discussed in detail. Then the consistent linearization is carried out to derive the 
linearized incremental equations for thin arches and shells, where the material and 
geometric stiffness are particularly emphasized. Thereafter, the reproducing kernel and 
Hermite reproducing kernel meshfree approximations built upon the parametric space 
are employed to discretize the in-plane and deflectional displacement fields. For the 
shell problems, the detailed formulation refers to the classical cylindrical shell problems. 
In order to improve the computational efficiency, the sub-domain stabilized conforming 
integration is invoked to perform the domain integration. In this approach, the nodal 
















introduced each sub-domain to construct the smoothed strain measures for the bending 
and membrane contributions. This strain smoothing formulation is capable of 
eliminating the membrane-locking issue. Meanwhile, the differentiation order of the 
meshfree shape functions and the number of integration points are reduced, which helps 
improving the computational efficiency. A series of typical examples are presented to 
demonstrate the capability of the proposed method to model the geometrically nonlinear 
behavior of thin arches and shells. The post-buckling response of the Euler beam is also 
analyzed by the present thin arch formulation. All the numerical results clearly show 
that the geometrically nonlinear deformations of thin arches and shells can be well 
computed by the proposed Hermite reproducing kernel meshfree formulations.  
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引入 Galerkin 近似中，提出了漫射元法（DEM）。Belytschko 等人[13]对 DEM 进
行了改进，在计算形函数导数时保留了所有项，并引入拉格朗日乘子施加本质边
界条件，提出了无单元 Galerkin 法（EFG），推动了无网格法的蓬勃发展。1995
年 Liu 等人[14]-[16]在 SPH 法基础上，通过引入修正核函数并采用高斯积分，提出
了基于伽辽金法的再生核质点法（RKPM），RKPM 法已在大量问题的数值分析
中得到了应用，如结构动力学、流体力学，应力集中和大变形等多个领域。另外，




条件。Arroyo 和 Ortiz[21]提出了最小熵无网格法。最近，Wu 等人[22]发展了广义






移动最小二乘近似（MLS）构造 C1 连续形函数，将 EFG 法引入薄板壳的静力分
析中，随后 Rabczuk 等人[27]将其推广到非线性薄板壳断裂问题的求解中。Li 和
Liu[28]则将薄板壳作为三维结构，直接采用三维无网格法来分析薄壳大变形问题。
Liu和Chen[29]采用EFG方法研究了薄板的振动问题。Long和Atluri[30]采用MLPG
方法分析了薄板的弯曲行为。Liew 等人[31]利用 RKPM 方法进行了薄圆柱壳的自
由振动分析。Liu 等人[32],[33]发展了具有高阶整体协调特性的再生核单元法，并进
行了薄板问题分析。Zhou 等人[34]运用 RKPM 方法开展了欧拉梁和薄板问题的自






























在薄板壳无网格法分析方面，Wang 和 Chen[38]于 2008 年提出了薄板的
Hermite 再生核无网格法（Hermite Reproducing Kernel Meshfree Method，HRK），
该方法将广义节点挠度和节点转角作为节点未知量建立薄板的挠度无网格近似，




domain Stabilized Conforming Integration，SSCI）。稳定子域积分方法满足刚度矩







何非线性分析的 HRK 无网格法。具体内容如下： 
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